Background: Congenital anomalies of the kidney and urinary tract (CAKUT) are a group of disorders responsible for the majority of pediatric end-stage renal disease cases. There are only a few studies on CAKUT. Objectives: A study was conducted to determine the clinical and biochemical profile of children with CAKUT and to estimate the prevalence and the factors associated with hypertension in CA-KUT. Methods: A cross-sectional study was conducted in a tertiary center for 18 months from March 2014 to August 2015. Demographic data were recorded, and clinical examination including blood pressure measurement was performed. Various biochemical parameters including plasma renin activity (PRA), urinary beta-2-microglobulin (B2M), and microalbuminuria were evaluated. Results: A total of 81 patients with CAKUT were studied. Twenty-two (27%) patients were underweight, 4 (5%) patients were stunted, and 26 (32%) were both underweight and stunted. Children with bilateral disease had a higher incidence of underweight (21/44 vs. 8/37; p = 0.04; 95% CI; Fisher exact test), and both underweight and stunted (25/44 vs. 10/37; p = 0.006; 95% CI; Fisher exact test) compared to children with unilateral disease. Hypertension was found in 27% cases. No association was found between hypertension and PRA, BM2, or microalbuminuria in our study. PRA was inversely proportional to the estimated glomerular filtration rate (eGFR) (Pearson test; 95% CI; p = 0.006). Conclusions: Bilateral disease in CAKUT was significantly associated with poor somatic growth. PRA was inversely proportional to eGFR. The prevalence of hypertension was higher in children with CAKUT than in normal children and is possibly multifactorial as it was not associated with elevated PRA, B2M, or microalbuminuria.
Introduction
Congenital anomalies of the kidney and urinary tract (CAKUT) are a group of congenital diseases which include renal anomalies, pelviureteric anomalies, vesicoureteric junction anomalies, and anomalies of the bladder and urethra [1] . CAKUT has an incidence of 1 in 500 live births and is responsible for recurrent urinary tract infection (UTI), hypertension, and chronic kidney disease (CKD), and so on. CAKUT is the leading cause of endstage renal disease (ESRD) in children [2] . Although CA-KUT is associated with significant morbidity in children, there are only a few studies in the literature. This influenced us to conduct this study.
The primary objective of the study was to determine the clinical and biochemical profile of children with CA-KUT. The secondary objectives were to estimate the prevalence of hypertension in CAKUT and to determine the factors associated with hypertension in CAKUT in a tertiary hospital.
Material and Methods
A cross-sectional study was conducted in a tertiary center over a period of 18 months from March 2014 to August 2015. The study was started after approval from our Institutional Ethics Committee on Human Studies and was performed in accordance with the Declaration of Helsinki. All neonates and children below 13 years of age were included in the study. Patients with acquired renal abnormalities (e.g., glomerulonephritis, genitourinary tuberculosis, etc.), children with acquired causes of hypertension, such as renovascular hypertension, renal parenchymal infections causing hypertension, and neoplastic causes of hypertension, as well as children with nonrenal causes of hypertension were excluded from the study.
The sample size was calculated with a 95% confidence interval (CI) with a prevalence of CAKUT of 5% and an alpha error of 5%. Informed consent was obtained from the parents of all participants included in the study. The relevant history was taken, clinical examination was done, and findings were noted in a predesigned proforma. Length/height and weight were compared with the Indian Academy of Pediatrics reference charts [3] . A child was considered underweight when weight was ≤3rd percentile, considered stunted when length/height was ≤3rd percentile, and underweight and stunted when weight and length/height were ≤3rd percentile. Blood pressure was recorded using a noninvasive blood pressure monitor. A systolic/diastolic/mean arterial pressure of more than or equal to the 95th percentile for sex, age, and height for at least three readings was considered as hypertension [4] .
Blood samples were collected by sterile puncture of a peripheral vein. Plasma renin activity (PRA) was estimated using an enzyme-linked immune sorbent assay (ELISA) kit by Vishat Diagnostics Pvt. Ltd. PRA values were compared with the reference value corresponding to the age. Normal PRA values were: < 1 year = 4-8 ng/mL/h; 1-3 years = 1-9 ng/mL/h; 3-6 years = 1-5 ng/ mL/h; 6-13 years = 1.4-2.6 ng/mL/h) [5] .
Urinary beta-2-microglobulin (B2M) was estimated using the ELISA kit by Immunoshop. A urine B2M level of up to 0.3 µg/mL was considered as normal and elevated if the value was more than 0.3 µg/mL. Microalbuminuria was estimated using the ELISA kit by Tulip Diagnostics. A urine microalbumin level > 30 mg/L was considered positive. Creatinine in serum and urine was measured by Jaffe's method traceable to isotope dilution mass spectrometry (IDMS). Urinary protein was measured by the Biuret method. The estimated glomerular filtration rate (eGFR) was calculated by the Modified Schwartz equation: GFR (mL/min/1.73 m 2 ) = (0.41 × height in cm)/creatinine in mg/dL as defined by NKDEP-NIDDK [6] . The normal range of GFR was defined according to age after Holliday and Barratt [7] .
Statistical Methods
The various demographical parameters and clinical features of children with CAKUT were expressed in percentage. The biochemical parameters were expressed as mean ± SD. As the biochemical parameters did not follow a normal distribution, they were further expressed as median with range. The association between hypertension and the other factors were analyzed by the Fisher exact test. Two groups were considered significantly different when the p value was < 0.05 with 95% CI.
Results
A total of 81 patients with the diagnosis of CAKUT were studied, and 41% of the study group were aged 1-5 years and had been followed up since infancy (28%). The youngest patients in this study were 4 days old (n = 3), while the oldest patient was a 12-year-old girl. Out of the 81 patients enrolled in the study, 70 (86%) patients were males, while the remaining 11 (14%) patients were females ( Table 1) .
Types of CAKUT
Thirty-two (40%) patients had pelviureteric junction obstruction (PUJO), 26 (32%) patients had posterior urethral valves (PUV), 15 (19%) had vesicoureteric reflux (VUR), 5 (6%) had a multicystic dysplastic kidney (MCDK), 2 (3%) had ureterocele, and 1 (1%) had vesicoureteric junction obstruction (VUJO). Of the 11 female patients of the study group, 6 (55%) had PUJO and 5 (46%) had VUR (Table 1) .
Eleven (14%) out of 81 patients had extrarenal anomalies associated with CAKUT. Four (5%) patients had anorectal malformation (ARM), 2 (3%) had undescended testis, and 1 each had a cleft lip and palate, congenital dislocation of the hip, congenital hypothyroidism, congenital talipes equinovarus (CTEV), and congenital glaucoma. 
Antenatal Diagnosis
Out of 81 patients enrolled in the study, 75 (93%) patients had undergone at least one ultrasonogram (USG) in either second or third trimester, and 23 (31%) of these patients had normal USG findings. Fifty (62%) patients were diagnosed with and 3 (4%) were suspected to have a renal anomaly antenatally. Out of the 81 study participants, 60 (74%) underwent second-trimester SG. Among these 60 patients, 42 (70%) had normal USG findings. Six (14%) out of the 42 patients with normal second trimester USG findings did not undergo a USG in the third trimester, while 14 (33%) continued to have normal USG findings, 20 (48%) patients were diagnosed with a renal anomaly, and 2 had oligohydramnios raising a suspicion of a renal anomaly. Twenty-two (52%) of the 42 patients with normal second-trimester USG findings were detected to have new renal anomalies in a third-trimester scan despite a normal second-trimester scan. Antenatally, 31 (41%) had bilateral disease, 11 (15%) left-sided disease, and 7 (9%) patients had right-sided disease.
Clinical Presentation
Thirty-eight (47%) children presented in infancy, while 23 (28%) patients presented after 1 year of age. Twenty-six (32%) were asymptomatic, while 18 (22%) patients presented with UTI, 18 (22%) had dribbling, 15 (19%) had abdominal pain, 7 (9%) a palpable abdominal mass, 6 (7%) urosepsis, 3 (4%) hematuria, and 1 (1%) urinary ascites. Twenty-two (27%) patients were found to have hypertension. Twenty-six (32%) were stunted and underweight, while 22 (27%) patients were underweight, and 4 (5%) patients were stunted (Table 1) .
Laboratory Investigations
Fifty-two (64%) patients had raised urinary B2M in their urine (normal: ≤0.3 µg/mL). The mean B2M in the study group was 2.6 ± 5.1 µg/mL. The median B2M was 0.6 µg/mL (range: 0.05-35.2 µg/mL). Fifty-two (64%) patients had raised PRA, with the age group of 6-to 13-yearold children having the highest incidence (77%). The mean PRA in the study population was 18.8 ± 30.6 ng/ mL. The median PRA value was 9.4 ng/mL (range: 0.5-200.3 ng/mL). Thirty-six (44%) patients had microalbuminuria (normal: ≤30 mg/L). Mean microalbuminuria in the study group was 58.7 ± 67 mg/L (SD). Median microalbuminuria was 27 mg/L (range: 1-243 mg/L). Twentyeight (35%) patients had a normal protein-creatinine ratio (≤0.2), 53 (66%) had raised PCR, and 9 patients had a nephrotic range of PCR. The mean PCR in the study population was 1.4 ± 2.2. The median PCR was 6.6 (range: 0.001-13.2). Sixty (74%) patients had a reduced eGFR. The mean GFR was 47.4 ± 17.6 mL/min/1.73 m 2 . The median GFR was 47.4 mL/min/1.73 m 2 (range: 4-90.9 mL/ min/1.73 m 2 ) ( Table 1) .
Unilateral versus Bilateral Disease
Children with a bilateral disease were significantly more underweight (21/44 vs. 8/37; p = 0.04; 95% CI; Fish- er exact test) and both underweight and stunted (25/44 vs. 10/37; p = 0.006; 95% CI; Fisher exact test) compared to children with unilateral disease. Median PRA and B2M were found to be higher in bilateral disease, but no statistical significance was found (Table 2) .
Hypertension versus Nonhypertension Group
In the hypertension group, there were more patients with reduced GFR compared to the nonhypertension group, but it was statistically not significant. The hypertension group had higher median PRA and B2M compared to the nonhypertension group, but it did not reach statistical significance (Table 3) . A logistic regression analysis which included all these parameters yielded an R 2 of 0.047 (Cox and Snell) and a p value of 0.9 which was not significant.
The Relationship of PRA, B2M, and Microalbuminuria with eGFR PRA was inversely proportional to GFR with a correlation coefficient of -0.3 (p = 0.006, Pearson test of correlation), whereas B2M and microalbuminuria were not found to correlate with GFR (p = 0.8 and 0.6, respectively). PRA was directly proportional to B2M and microalbuminuria, but it was statistically not significant.
Discussion
CAKUT is a group of congenital diseases which include renal anomalies (renal aplasia and MCDK), pelviureteric anomalies (a duplex collecting system, PUJO, and megaureter), vesicoureteric junction anomalies (VUJO, VUR, and ureterocele), ectopic ureteric orifice, anomalies of the bladder, and anomalies of the urethra (PUV, anterior urethral valves, duplication of urethra, and urethral hypoplasia) [1] .
CAKUT is the most common cause of ESRD in children comprising 50% of cases [2] . CAKUT also accounts for 7% of adult ESRD worldwide [8] . CAKUT is seen in 1 in 500 newborns [2] and in 0.3-1.6 per 1,000 live born and stillborn neonates [9] . A study by Bondagji [10] found an incidence of 3.26 per 1,000 live births. A study by Zhang et al. [11] showed an incidence of 1.67% in the pediatric population. The male-to-female ratio in our study was 6.4: 1 which was higher than in the studies by Bondagji [10] (2.13: 1) and Zhang et al. [11] (4.26: 1). Females had either PUJO or VUR in our study.
In our study, there were 13.6% of CAKUT patients with nonrenal anomalies, the most common being ARM (36.4%). Bondagji [10] found associated nonrenal anomalies in 26.2% of cases and Soliman et al. [8] in 31.8% of cases. The incidence of the different types of CAKUT in the current study and other studies is shown in Table 3 . Like in many other studies, PUJO was the most common CAKUT in our study.
Antenatal suspicion or a diagnosis of CAKUT occurred in 65% of our study population. CAKUT was detected antenatally in 76% of cases by Melo et al. [2] , 66% of cases by Scott [12] , and 37% of cases by Soliman et al. Values in parentheses are percentages. PRA, plasma renin activity; B2M, beta-2-microglobulin; PCR, protein-creatinine ratio; eGFR, estimated glomerular filtration rate. A logistic regression analysis which included all these parameters yielded an R 2 of 0.047 (Cox and Snell) with a p value of 0.9 which was not significant. [8] . In our study, we also found that third-trimester USGs were more sensitive in diagnosing CAKUT antenatally. A total of 52% of patients with normal second-trimester USGs were diagnosed or suspected to have renal anomaly by third-trimester USGs in our study. This shows the importance of third-trimester USGs in detecting renal anomalies missed by the second-trimester USG. Thus, it ensures prompt and timely postnatal intervention. Manegold-Brauer et al. [13] also support our findings which found an increased rate of detection of fetal anomalies by a third-trimester scan. Hence, it is important not to skip fetal USG in the third trimester, which can help us find out renal anomalies requiring early postnatal intervention.
Even with a remarkable antenatal suspicion/diagnosis of 65%, 42% (22/53 children) presented beyond infancy. Among the antenatally undetected children, 38 (47%) patients presented in infancy, while 23 (28%) patients presented after 1 year of age. A study by Caiulo et al. [14] on 171 patients with CAKUT who were diagnosed antenatally and had intervention early found that none of the patients required dialysis during a study period of 19 years. Three out of 171 patients had chronic renal failure [14] . This reflects the importance of early diagnosis and management. A total of 32% of our study group was stunted as well as underweight, while 27% of patients were underweight and 5% were stunted. This finding demonstrates that 64% of CAKUT patients had an affected growth (generally, 36% of Indian children have an affected growth according to UNICEF [15] ). Somatic growth was more significantly affected in patients with bilateral disease than with unilateral disease (underweight: p = 0.04, 95% CI; stunted: p = 0.006, 95% CI; Fisher exact test). CAKUT, even in the absence of CKD, was associated with poor somatic growth, which needs to be further studied and elucidated.
A total of 32% of patients in our study were asymptomatic at presentation, and 22% patients presented with UTI. The majority of patients presenting with UTI reflect a lack of awareness among parents, as 42% of patients presented at or after 1 year of life even though CAKUT was detected antenatally. In our study, 54% of patients were found to have bilateral disease, while 46% had unilateral disease with the left side being more commonly involved (30%). Melo et al. [2] found that 65% of their study population had bilateral disease and 35% had unilateral disease, with the left side being predominant (22%).
Hypertension is associated with increased morbidity and mortality in children. It can lead to ESRD, damaging already compromised kidneys. On the other hand, renal disorders constitute approximately 75% of secondary hypertension cases in childhood [16] [17] [18] . The risk of hypertension is directly related to the type of underlying disease rather than to the amount of renal insufficiency. Renal hypoplasia/dysplasia and uropathies cause less blood pressure problems compared to glomerulopathy or polycystic kidney disease [16] [17] [18] . The possible factors leading to hypertension in CAKUT are abnormal natriuresis, sodium and water retention, the renin-angiotensin-aldosterone system (RAAS), activation of the sympathetic nervous system, endothelial factors, hyperuricemia, and oxidative stress [16] [17] [18] .
A total of 27% of our study population was diagnosed with hypertension. This is higher than the prevalence of hypertension in the general pediatric population which varies from 1 to 3% [16, 17] . In a study by Sanna-Cherchi et al. [18] , the incidence of hypertension in CAKUT was 8%. In our study, the hypertension group was found to have a higher median PRA and B2M, as well as reduced GFR, compared to the nonhypertension group, but it did not reach statistical significance, suggesting that hypertension may be multifactorial and not depending solely on plasma renin. In our study, we had similar findings to other studies like the one by Savage et al. [19] who found an increase in PRA and blood pressure after 5 years of follow-up, but there was no association between raised PRA and hypertension. A logistic regression analysis showed no significant association between these parameters and hypertension. Our study reconfirms the fact that hypertension is higher in CA-KUT and it re-emphasizes a diligent blood pressure recording for all CAKUT cases even if they are asymptomatic.
A total of 64% of the study group had elevated PRA levels. The highest incidence was found in the group of patients aged between 6 and 13 years, indicating that PRA possibly increases with prolonged duration of renal damage. PRA was found to be inversely proportional to GFR, which was statistically significant (p = 0.006; 95% CI). Median PRA was found higher in the bilateral disease and hypertension groups than in the unilateral disease and nonhypertension groups, respectively, but no statistical difference was found. Savage et al. [19] studied PRA initially and at the 5-year follow-up in 85 patients with renal scarring. PRA was significantly increased at the 5-year follow-up, but there was no significant correlation between blood pressure and PRA.
Our study also showed that PRA was inversely proportional to GFR with a correlation coefficient of -0.3 (p = DOI: 10.1159/000493683 0.006, Pearson test of correlation), whereas B2M and microalbuminuria were not found to correlate with GFR. This suggests that PRA can be used as a marker of renal failure. A total of 64% of our study population had raised urinary B2M, and 44% of our study group had microalbuminuria. A study by Seeman et al. [20] found that the occurrence of microalbuminuria was significantly higher in children with primary hypertension (suggesting renal damage) compared to white coat hypertension. In Seeman et al.'s study, the prevalence of microalbuminuria was 20%.
In summary, the most frequent types of CAKUT were PUJO and PUV. CAKUT, even in the absence of CKD, was associated with poor somatic growth. Two-thirds of CAKUT in children were diagnosed antenatally. An ultrasound screening in the third trimester is a must as the second-trimester screening USG can miss up to 52% of CAKUT. Thus, a third-trimester scan can detect these cases, which can give a clue for early postnatal intervention. It is also important that parents of antenatally diagnosed children are adequately counseled so that there is no delay in postnatal evaluation and intervention, if required. PRA had a good predictive value in detecting renal damage as it was inversely proportional to the eGFR. Our study reconfirms the fact that hypertension is higher in CAKUT, and it re-emphasizes a diligent blood pressure recording for all CAKUT even if they are asymptomatic.
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